Introduction: Historical analysis of health data indicates that the majority of the decrease in tuberculosis mortality during the past century was caused by improved social conditions and public health interventions. The purpose of this study was to assess lay public perceptions regarding why tuberculosis declined. Materials and Methods: A nationally representative sample of 705 adults was surveyed to identify their perceived reasons for the decline in tuberculosis mortality in the 20th century. Openended questions and responses were coded and placed into eight categories. Results: Approximately 52% of decreasing tuberculosis mortality was attributed to "modern medicine," and 220% to "vaccination." Comparatively few of the respondents attributed decreased tuberculosis mortality rates to public health or improvements in social health determinants of health. Males gave more credit to modern medicine and public health, with less to vaccination; the other racial group gave more credit to public health and less to modern medicine; Hispanics gave more credit to modern medicine and less to vaccinations; and the higher income groups gave more credit to vaccinations and public health, but less to modern medicine. Conclusion: The public overly attributes modern medicine as the primary cause of declining tuberculosis mortality rates, the second leading cause of death in the United States during the early 1900s, and gives little credit to the critical role played by public health and improved social conditions. These misperceptions may hinder societal efforts to address and fund important social determinants of health and public health interventions.
determinants. A recent study demonstrated that the general public attributes most of the 40 year increase in life expectancy during the last 200 years to improvements in medical care [1] . However, officials in public health estimate less than a quarter of that improved life expectancy can be attributed to the medical sector [2] . Public health efforts involving improved food production, water safety, sewage treatment, housing, literacy, economics, and safer working conditions explain most of the increase [3] . The current study provides a second reference point by determining if people also primarily credit modern medicine for the decline seen in tuberculosis mortality over the past century. In the United States in 1900, this infectious disease was a leading cause of death, explaining 11.3% of all deaths, just behind pneumonia and influenza, which accounted for 11 .8% of all deaths [4] . If people attribute the decline in tuberculosis to the medical sector, it reinforces the argument that the public is unaware that the most important health determinants are often found outside of hospital walls.
The purpose of this study was to determine how the general public explains the historical decline of tuberculosis mortality. This disease was selected for study because of its high ranking cause of death in the early 1900s, and, along with other infectious diseases, because it motivated and was directly impacted by non-medical public health efforts for more than a century. If society fails to appreciate the important role nonmedical interventions played in reducing past infectious diseases, it is likely to continue to attribute modern medicine as the primary vehicle to improve contemporary population health. Conversely, people will be less likely to support public health interventions or policies that seek to improve population health by addressing health disparities and circumstances shaping health by the distribution of money, education, power and resources (social determinants of health).
Background
Tuberculosis (TB) is an infectious bacterial disease caused by Mycobacterium tuberculosis. It generally affects the lungs or throat, is spread through the air when a person with TB talks, sneezes, or coughs, and has been a leading cause of death throughout history. Known historically as consumption, phthisis, or the white death, TB has been found in bodies dated as early as 5000 BC and in Egyptian mummies dated to 3000 BC [5] [6] . Hippocrates and other ancient physicians described the symptoms of the disease when they saw them among their patients [6] - [8] . During the 17th century, tuberculosis was a common killer, especially in England where one in five deaths were tubercular. The disease became endemic throughout Europe, resulting in its infamous appellation, the Great White Plague [5] .
Tuberculosis mortality rates in western countries began to fall long before any medical intervention was discovered, and even before the implementation of anti-tuberculosis public health campaigns in the 18th and 19th centuries [9] . To a degree, this progressive decline through history can be attributed to the disease's natural epidemic cycle that ebbs and flows [10] . In the United States, the disease peaked in the mid to late 1800s and the subsequent fall was hastened by human interventions [9] [10].
The cause of tuberculosis was identified in 1882 with the discovery of tubercle bacillus by the German scientist, Robert Koch [11] . Koch also described the tuberculin reaction in 1890 [11] . In 1900, tuberculosis was the second leading cause of death in the United States with an annual crude mortality rate of 194.4 deaths per 100,000 [9] . By 1940, before the introduction of antibiotics, the death rate was reduced to 46 deaths per 100,000 [10] . Figure 1 illustrates that the vast majority of this reduction occurred before 1944 when streptomycin, the first effective antibiotic for tuberculosis, was developed [4] [12] [13] . The only significant historical difference between these countries was that the British National Health Service began to use the BCG vaccine, an innovation that the United States Public Health Service has never embraced [14] - [16] . Even with the use of the BCG vaccine in England and Wales, and the use of streptomycin in the United States, there was not a significant change in the rate of decline of tuberculosis deaths [6] . Because the BCG vaccine was never universally put into practice in the United States, it can be said that none of the decline in incidence or death rates can be attributed to vaccine use.
Similarly, since streptomycin was the first antibiotic available to treat tuberculosis, it can also be said that none of the decline prior to 1944 was attributable to antibiotics. However, it is not accurate to conclude that all the reduction in mortality after 1944 is attributed solely to the development of an effective drug. The same forces driving the decline of tuberculosis prior to the development of streptomycin continued to operate 1904  1908  1912  1916  1920  1924  1928  1932  1936  1940  1944  1948  1952  1956  1960  1964  1968  1972  1976  1980  1984  1988  1992  1996  2000  2004  2008  2012 Death Rate per 100,000 . Tuberculosis is an opportunistic disease; when an immune system has been weakened from the effects of malnutrition, the susceptibility of tuberculosis infection increases as does the risk of mortality [21] . Improvements made in the early 20th century such as safe food handling, production, transportation, availability of food, and the discovery of essential nutrients and their role in disease prevention all contributed to reducing malnutrition within the United States. Improved nutritional status greatly reduced tuberculosis mortality rates [22] [23].
Social isolation of active cases from the general population through the use of sanatoria also played a role in tuberculosis decline. While early sanatoria acted as little more than hotels for the rich or places to corral the poor infected with tuberculosis, procedures improved over time to increase recovery rates and promote prevention [24] . Hygiene instruction in the sanatoria played a role by reducing transmission with practices such as covering the mouth when sneezing or coughing, and limiting where people could openly spit [25] . Guests and patients were asked not to shake hands or have other physical contact with patients to prevent spreading the disease; the creation of dust-free environments with clean floor space and good ventilation was also a priority in sanatoria [25] . Besides the more common pulmonary strain, the less well-known bovine tuberculosis strain contributed to a significant number of tuberculosis cases. It is estimated that bovine tuberculosis was responsible for 15% of all tuberculosis deaths in 1900, as well as a third of all non-pulmonary cases [8] [26] . After discovering that the bacteria was spread by consuming contaminated meat and milk, the United States implemented policies that mandated milk pasteurization and identified sick cattle using tuberculin tests, and their subsequent destruction. These measures nearly eradicated bovine tuberculosis transmission and resulted in the prevention of over 25,000 deaths preceding World War II [27] .
The development of the antibiotic drug streptomycin in 1944 and its subsequent use gave physicians a powerful tool to combat active tuberculosis cases. It is important to note that vaccinations, which played a major role in eliminating many infectious diseases, played no role in preventing tuberculosis in the United States. Health officials in this country opted not to use the Bacille Calmette-Guerin (BCG) vaccination because it makes detecting latent tuberculosis cases more difficult [28] . While antibiotics helped to decrease tuberculosis mortality in the 20th Century, it was improved public health interventions, that started over 100 years ago, which had the greatest effect. Overlooking the contributions of the social determinants of health and the public health's historical role in mortality decline may lead to creating health policies that rely too heavily on medicine as the primary way to improve population health. By giving most or all of the credit to modern medicine, contemporary efforts to address social determinants of health and public health interventions, which have a greater ability to improve population health, are likely to be neglected and underfunded. Misattribution of credit may also contribute to overfunding the medical sector of the economy and impede efforts to contain health care costs. Possible responses that the respondents selected were medicine, vaccines/immunizations, sanitation, screening/quarantine, lifestyle, education/awareness/knowledge, other, or don't know. Thirty individuals selected don't know. Three public health faculty not involved in the study evaluated the instrument for content and face validity. The questionnaire was revised and then tested on a convenience sample of twenty individuals who were thought to accurately represent the population of the United States. The instrument was again revised and pilot tested on 357 public health students. Results from this pilot study supported the hypothesis that the majority of people would attribute the decline in tuberculosis mortality to medical care, and provided inputs in the sample size calculation. Approval to conduct human subject research was obtained from the investigator's Institutional Review Board prior to conducting the pilot testing and subsequent national administration of the survey.
Methods
The survey utilized an open ended question to measure how people explained the decline in tuberculosis mortality in the 20th century. Participants were informed that in 1900, tuberculosis was the second leading cause of death in the United States and that its death rates declined by over 90% between 1900 and 1950 [4] . Participants were asked to briefly describe the single most important reason for the decline. If they gave more than one answer, then their first answer was assumed to be the most important.
Two researchers independently read through the responses to the open ended question, then placed and coded them into eight categories: (1) modern medicine (i.e. healthcare, physicians, hospitals, surgeries, diagnostic techniques, antibiotics, etc.), (2) vaccination, (3) education/awareness/knowledge, (4) lifestyle, (5) sanitation, (6) screening/quarantine, (7) don't know, and (8) other. Coding for each open ended response was compared, and the few discrepancies that existed were resolved through discussion and then mutual agreement.
Demographic data was collected to analyze potential differences in responses between groups and to ensure that a representative national sample had been drawn. Variables included age, sex, race, ethnicity, and education.
Survey data was gathered from an online sample of actively managed panels of respondents who had been recruited by a national professional public opinion/marketing research company [29] . The online sample involved respondents from the United States ages 18 years or older. The company's reward system engaged and motivated participation and encouraged better representation. Participants who have an interest in contributing to research were incentivized to be members of the company's response panels.
The strict quality control procedures used by the company's recruiting practices ensures that samples of opt-in respondents are of high quality. The demographics of potential respondents were known to the research company before an invitation to participate was extended. The opportunity to complete the survey was progressively closed to some individuals after select demographic variables were sufficiently represented in the sample. This procedure ensured that the generated sample was representative of the United States national demographic profile with respect to age, sex, race (White/Caucasian, Black/African American, Other), ethnicity (Hispanic, non-Hispanic), annual household income (<$25K, $25K -$49K, $50K -$74K, ≥$75K), and education (some high school, high school or GED, some college or technical school, college graduate, master's degree, doctoral or professional degree). A total of 725 individuals completed the survey. Quality assurance methods were used to identify nonsensical survey responses. Twenty such responses were eliminated from the analysis, resulting in a final sample size of 705.
Frequency distributions were used to summarize and describe the data. Bivariate analyses were used to evaluate the relationship between selected variables, with the chisquare test used to evaluate significance. The Mantel-Haenszel (MH) chi-square was also used to evaluate differences in trend. Two-sided tests of hypotheses were evaluated using the 0.05 level of significance. Analyses were performed using the Statistical Analysis System (SAS) software, version 9.3 (SAS Institute Inc., Cary, NC, USA, 2010).
Results
Distributions of age, sex, race, ethnicity, education, and income are presented in Table 1 . The most common single response to the open-ended question for why tuberculosis declined during the 20th century was "modern medicine," followed by "vaccination," and then selected public health choices ( Table 2 ). The high degree of attribution given to modern medicine for causing the declines in tuberculosis mortality was significantly associated with sex, race, ethnicity, and income. Males gave more credit to modern medicine and public health, with less to vaccination; the other racial group gave more credit to public health and less to modern medicine; Hispanics gave more credit to modern medicine and less to vaccinations; and the higher income groups gave more credit to vaccinations and public health, but less to modern medicine. Reasons as to why tuberculosis declined did not significantly differ across age or levels of education.
Discussion
The public's perception that medical procedures played the predominant role in reducing tuberculosis mortality is strongly contradicted by the historical record (see Media and television may also contribute to the public's misperceptions for declines in infectious disease. Medical dramas rarely draw attention to the contributions of environmental health, better nutrition, or the effects of poverty and other social deter-minates of health as contributing factors to disease. Television programs based in hospital settings focus on treatments and individual patient care, and may lead people to believe that modern medicine can cure anything and solutions can always be found in the hospital. Other media formats, such as the news, also focus on the latest medical technological development rather than the less exciting issues of public health interventions and social determinants of health.
The misperceptions identified in this study have implications for national health policy. Efforts to improve the nation's health in a democratic society are strongly influenced by the public's belief that interventions are effective. When people are unaware of the major role that non-medical health interventions play in reducing leading causes of death, they will be less likely to support contemporary endeavors that address these non-medical factors. Conversely, when people perceive that modern medicine is the primary reason why the nation strongly reduced leading causes of death, they may be suspicious and unsupportive of societal efforts to curtail the overuse of expensive medical technology and redirect resources to other health determinants.
It may be that the percentage of respondents who believed that modern medicine has played the predominant role in reducing tuberculosis mortality is underreported by the "modern medicine" category in this study. Many of the respondents who listed "education" or "awareness" or "knowledge" as the reason for the decline could have been thinking how these factors improved medical procedures. Giving too much credit to modern medicine for past public health achievements may contribute to the United States spending almost twice as much per capita on health care as other high income Western nations. Public misattribution of credit may also partially explain why the United States neglects funding public health initiatives and fails to address the social determinants of health. Research shows that the United States increasingly lags behind other countries in life expectancy as other nations more fully address the social service needs of the population [30] . Given that almost a fifth of the national gross domestic product is spent on healthcare, it is difficult to find resources to address healthenhancing social service needs.
Conclusion
This study identified the general public's perceived reasons for the historical decline of tuberculosis mortality. We hypothesized that greater attribution for the decline would be given to modern medicine non-medical interventions played in reducing past infectious diseases. Results showed that the public has a strong medical-centric explanation for decreases in tuberculosis. As such, people may be less inclined to support public health interventions or policies that seek to improve population health.
